* 

© Publication number: 0 377 959 

A2 



© EUROPEAN PATENT APPLICATION 

© Application number: 89312415.6 © Int. CI. 5 : G1 1C 19/28, H01L 29/796 



© Date of filing: 29.11.89 



® Priority: 10.01.89 JP 3263/89 


© Applicant: MITSUBISHI DENKI KABUSHIKI 




KAISHA 


@ Date of publication of application: 


2-3, Marunouchi 2-chome Chiyoda-ku 


18.07.90 Bulletin 90/29 


Tokyo(JP) 


© Designated Contracting States: 


© Inventor: Kimata, Masafumi Mitsubishi Denki 


DE FR GB 


K.K. 




LSI Kenkyusho, No. 1 Mizuhara 4-chome 




Itami-shi Hyogo-ken(JP) 




© Representative: Beresford, Keith Denis Lewis 




et al 




BERESFORD & Co. 2-5 Warwick Court High 




Holborn 




London WC1R 5DJ(GB) 



© A method of driving a charge detection circuit. 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© A method of driving a charge detection circuit of 
floating diffusion amplifier type includes, a second 
conductivity type diffusion region produced on a first 
conductivity type semiconductor substrate or layer, a 
voltage barrier production gate electrode provided 
adjacent to the diffusion region, a CCD final gate 
electrode provided adjacent to the voltage barrier 
production gate electrode, a MOS transistor for re- 
setting the diffusion region produced with using the 

FIG .1. 



diffusion region as a source electrode, a source 
follower circuit for receiving the voltage of the diffu- 
sion region as an input and an output signal, and 
when the entire signal charges are transferred to the 
voltage well below the CCD final gate electrode, the 
charges output to a diffusion region portion exceed- 
ing over a voltage barrier produced at below the 
voltage barrier' production gate electrode. 
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A Method of Driving A Charge Detection Circuit 



FIELD OF THE INVENTION 

The present invention relates to a method of 
driving a charge detection circuit, and more par- 
ticularly to a driving method capable of improving 
the characteristics of the charge detection circuit 
which is used as an output circuit of a semiconduc- 
tor integrated circuit. 

BACKGROUND OF THE INVENTION 

As a charge coupled device among semicon- 
ductor integrated circuits (hereinafter referred to as 
"CCD"), there is a charge detection circuit which is 
called as a floating diffusion amplifier which con- 
ducts a charge-voltage conversion. 

Figure 6(a) shows a cross-sectional structure of 
a case where such Moating diffusion type amplifier 
is used as an output circuit of CCD. In figure 6(a), 
at a predetermined position on a first conductivity 
type semiconductor substrate 1, a CCD final gate 
electrode 2 and a voltage barrier production gate 
electrode 3 are arranged. One of the driving clocks 
for the charge transfer <f>H is applied to the gate 
electrode 2 and a DC voltage VGo is applied to the 
gate electrode 3. At a region adjacent to the gate 
electrode 3, a MOS transistor comprising a gate 
electrode 4 and second conductivity type high con- 
centration impurity regions 5 and 6 is produced. To 
the gate electrode 4 of this MOS transistor, a reset 
clock <*>R is applied, and by making this reset clock 
<t>R at high level, the MOS transistor is turned on. 
Further, a reset power supply VR is connected to 
the impurity region 6. 

The impurity region 5 is called as a floating 
diffusion, and it is connected to a gate of a source 
follower transistor Tr 0 for outputting which is pro- 
duced on the same semiconductor substrate 1. A 
source follower power supply V 0 is applied to the 
drain of the transistor Tr 0 . Further, the source of 
the transistor Tr 0 is grounded by a load resistance 
Ro and an output D 0 is output from the connection 
node of the source and the load resistance Ro. 

The device will operate as follows. 

Figure 6(b) to (d) show potentials of the re- 
spective portions of figure 6(a) at timings corre- 
sponding to ti to t3, respectively, of the clock 
timing chart of figure 7. 

First of all, at time ti of figure 7, the driving 
clock $H is at high level, and a potential well is 
produced at below the gate electrode 2 as shown 
in figure 6(b). thereby to store signal charges Q. At 
the same time, the clock reset <t>R is at high level, 
and the MOS transistor constituted by the gate 



electrode 4 and the impurity regions 5 and 6 is 
turned on, and the voltages of the impurity region 5 
and the gate of the transistor Tro which is con- 
nected thereto are reset to the reset power supply 

s voltage VR. 

Next, at time T 2 of figure 7, the reset clock <t>R 
becomes low level, and the MOS transistor con- 
stituted by the gate electrode 4 and the impurity 
region 5 is turned off (refer to figure 6(c)). When 

w the reset clock <*>R changes to low level from high 
level, the voltage of the impurity region 5 is lower- 
ed due to the capacitance coupling between the 
gate electrode 4 and the impurity region 5 during 
the period of the reset clock <f>R being low level, 

is and the node connected to the impurity region 5 
becomes floating. 

Next, at time T 3 of figure 7, when the driving 
clock $H becomes low level, the signal charges Q 
stored at the potential well below the gate elec- 

20 trode 2 is read out to the impurity region 5 (refer to 
figure 6(d)), and the voltage of the node of the 
impurity region 5 is changed, and this voltage 
change is output through the source follower cir- 
cuit. The amplitude of the output AV is represented 

25 by the following formula when the capacitance of 
the floating diffusion node is made C FD and the 
gain of the source follower is made G, 

G • Q 

30 A V = . (1) 

C F D 

The gain of the source follower is usually about 0.7 

35 to 0.9 without variations, and in order to increase 
AV against the same charge quantity Q, it is nec- 
essary to lower the capacitance C F0 . As AV is 
larger against the same charge quantity Q, the 
charge-voltage conversion gain is larger, and this is 

4Q advantageous in view of S/N. 

On the other hand, the charge maximum quan- 
tity which can be detected by the charge detection 
circuit is up to the charge quantity which gives a 
voltage change which would not exceed the chan- 

45 nel potential below the gate electrode 3 even when 
the signal charges are stored at the impurity region 
5, and thus the capacitance C FD determines the 
maximum quantity of charges which can be de- 
tected. When the C FD is tried to be reduced there- 

5o by to increase the charge-voitage conversion gain, 
the voltage change of the floating diffusion portion 
is increased but the maximum charge quantity ca- 
pable of being detected is reduced. 

Figure 8 shows the relation between the quan- 
tity Q of signal charges which are electrically and 
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optically generated by the CCD and the amplitude 
of the output of the source follower transistor AV. 
As shown in the figure, the relation between the Q 
and AV is linear up to the saturation level D 0m ax of 
the output which is determined by the design of 5 
CCD and the circuit system of the source follower 
transistor. When it exceeds the level, the output AV 
is saturated against the input Q, or shifted from 
linear characteristics. When the capacitance C F o is 
decreased and the amplitude AV of the output 10 
against the charge quantity Q of the input is in- 
creased from a to b as shown in the figure, thereby 
to increase the charge-voltage conversion gain, the 
maximum charge quantity is reduced from Qa max to 
Qbmax. and a small signal charge q s which is super- 15 
imposed on the background cannot be detected. 




below the voltage barrier production gate electrode 
when signal charges are transferred to the voltage 
well below the CCD final gate electrode is made a 
first output signal, and after this first output signal 
is reset, the charges remaining below the CCD final 
gate electrode are output to the diffusion region 
portion as a second output signal. 

According to a further aspect of the present 
invention, the voltage applied to the voltage barrier 
production gate electrode during the signal output 
period in the above described two driving methods 
is varied in a step configuration. 

Therefore, the charge-voltage conversion gain 
can be increased, and the maximum charge quan- 
tity which can be effectively detected by the 
charge detection circuit can be increased. 



SUMMARY OF THE INVENTION 

20 

It is an object of the present invention to pro- 
vide a method of driving a charge detection circuit 
in which the detectable maximum charge quantity 
would not be reduced even when the charge-volt- 
age conversion gain is increased. 25 

Other objects and advantages of the present 
invention will become apparent from the detailed 
description given hereinafter; it should be under- 
stood, however, that the detailed description and 
specific embodiment are given by way of illustra- 30 
tion only, since various changes and modifications 
within the spirit and scope of the invention will 
become apparent to those skilled in the art from 
this detailed description. 

According to an aspect of the present inven- 35 
tion, a method of driving a charge detection circuit 
of a floating diffusion amplifier type is constituted 
such that there are provided a second conductivity 
type diffusion region produced on a first conductiv- 
ity type semiconductor substrate, a voltage barrier 40 
production gate electrode provided adjacent to the 
diffusion region, a CCD final gate electrode pro- 
vided adjacent to the voltage barrier production 
gate electrode, a MOS transistor for resetting the 
diffusion region produced with u.sing the diffusion 45 
region as a source electrode, and a source follower 
circuit which operates to receive the voltage of the 
diffusion region as an input and to output an output 
signal, and when the entirety of signal charges are 
transferred to the voltage well below the CCD final 50 
gate electrode, charges of a portion of the entirety 
of signal charges are output to the diffusion region 
portion exceeding over the voltage barrier pro- 
duced at below the voltage barrier production gate 
electrode. ss 

According to another aspect of the present 
invention, the charges output to the diffusion region 
exceeding over the voltage barrier produced at 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing a cross-sec- 
tional structure of a charge detection circuit accord- 
ing to a method of driving a charge detection 
circuit as a first embodiment of the present inven- 
tion and the potentials at the respective portions of 
the circuit; 

Figure 2 is a diagram showing clock timings 
of the driving method of the above-described first 
embodiment; 

Figure 3 is a diagram showing a cross-sec- 
tional structure according to a second embodiment 
of the present invention and the potentials at the 
respective portions of the circuit; 

Figure 4 is a diagram showing the clock 
timings of the driving method of the second em- 
bodiment; 

Figure 5 is a diagram showing the waveform 
of the voltage applied to the gate electrode accord- 
ing to a third embodiment of the present invention; 

Figure 6 is a diagram showing a cross-sec- 
tional structure of a charge detection circuit accord- 
ing to the prior art and the potentials at the respec- 
tive portions of the circuit; 

Figure 7 is a diagram showing clock timings 
for explaining the operation of the prior art device; 
and 

Figure 8 is a diagram showing the relation 
between the signal charge quantity Q and the out- 
put AV of the charge detection circuit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will be 
described in detail with reference to the drawings. 

Figure 1(a) is a diagram showing a cross- 
sectional structure of a charge detection circuit 
which is employed in a method of driving a charge 
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detection circuit according to a first embodiment of 
the present invention. This charge detection circuit 
has the same structure as that shown in figure 6(a). 

The driving method of the charge detection 
circuit according to the first embodiment of the 
present invention will be described. Figures 1(b) to 
(d) show potentials of respective portions of figure 
1(a) at times corresponding to U to t3 of the clock 
timing charts of figure 2. In figure 2, to designates 
a timing when signal charges are transferred to the 
voltage well below the CCD final gate electrode 2. 

First of all. at time ti of figure 2, the driving 
clock <f>H is at high level, and a voltage well is 
produced at below the gate electrode 2 as shown 
in figure 1(b). The floating diffusion is in a reset 
state. 

Next, at time t2 of figure 2, signal charges are 
transferred to the voltage well below the gate elec- 
trode 2 at time t 0 . Then, the signal charges Q s ( = 
Qd + Qs) which have overflown with remaining 
signal charges Q B which are stored at the capaci- 
tance of the voltage well below the gate electrode 
2, will exceed the potential barrier below the volt- 
age barrier production gate electrode 3 and are 
transferred to the impurity region 5 of floating diffu- 
sion, and the voltage change of the floating diffu- 
sion portion due thereto are read out through the 
source follower circuit (refer to figure 1(c)). 

Next, at time t3 of figure 2, the reset clock R is 
made high level, and the MOS transistor compris- 
ing the gate electrode 4 and the impurity regions 5 
and 6 is turned on, and the <f>H is made low level, 
and the signal charges Q B stored at below the gate 
electrode 2 flow into the reset power supply VR 
through the channel below the gate electrode 2 and 
the MOS transistor, and the floating diffusion is 
reset (refer to figure 1(d)). Accordingly, in this 
embodiment, the component Q s except for the 
background component Q B among the entirely of 
charge quantity Q (= Q B + Q s ) is detected. 

In this embodiment, the signal charge quantity 
Qs (= Qd + q s ) which is obtained by subtracting 
the background component Q B of a predetermined 
quantity from the signal charge quantity jQ ( = Q B 
+ Qd + q s ) which has been conventionally de- 
tected is detected as discussed above. Therefore, 
the small signal charge quantity q s which is super- 
imposed on the background can be surely detected 
even when the charge-voltage conversion gain is 
increased. Further, the saturation level D 0max of the 
output may be determined by circuit design to 
such a value that the maximum quantity of signal 
charge quantity Q s can be detected, thereby en- 
abling to increase the detectable maximum charge 
quantity. 

In the present invention, in order to detect the 
small signal charges superimposed on the back- 
ground, the background component Q B of signal 



charge quantity Q is subtracted at the final stage 
for obtaining the output by the charge detection 
circuit. However, it is also conceived to subtract the 
background of the signal charges for respective 

5 picture elements. In this case, however, there are 
generated fixed pattern noises for respective pic- 
ture elements, thereby arising variations of output. 
To the contrary, in the present invention, the quan- 
tity of background to be subtracted can be made 

w always constant, thereby arising no such problems. 

Figures 3 and 4 show a method of driving a 
charge detection circuit according to a second em- 
bodiment of the present invention. Figure 3 cor- 
responds to figure 1 of the first embodiment and 

;5 figure 4 corresponds to figure 2 thereof. In figure 4, 
the operations at timings corresponding to ti to t 2 
are the same as those in the above-described first 
embodiment, and operations at the timings of t 3 to 
ts will be described. 

20 First of all, at time t3 of figure 4, <f>R is made at 

a high level thereby to extract the signal charges 
Qs ( - Qd + Qs) at the floating diffusion to the reset 
power supply VR as weli as to reset the voltage of 
the floating diffusion portion (figure 3(d)). 

25 Next, the <f>R becomes low level at time U of 

figure 4, and the floating diffusion portion comes 
into a floating state (refer to figure 3(e)). 

Next, at time ts of figure 4, the <*>H becomes 
low level, and signal charges Q B stored at below 

30 the gate electrode 2 are transferred to the floating 
diffusion portion exceeding over the potential bar- 
rier produced at below the gate electrode 3, and 
the voltage change of the floating diffusion portion 
due thereto is read out through the source follower 

35 (refer to figure 3(f)), 

Next, at time te of figure 4, the <*>R is again 
made at high level, and the signal charges Q B 
which have been stored at the floating diffusion are 
extracted to the reset power supply VR and the 

40 voltage of the floating diffusion portion is reset 
(refer to figure 3(g)). 

This second embodiment has a characteristics 
that the background component Q e which is in- 
cluded in the signal component can be also de- 

45 tected as compared with the first embodiment. 
Accordingly, when such a delay circuit is provided 
at outside the circuit to measure the sum of the 
signal component Q s and the background compo- 
nent Q B , it is enabled to detect the entirety of 

so charge quantity, as is quite effective in a case 
where the absolute quantity of signal is required, as 
a case where the temperature measurement is 
conducted with utilizing infrared rays. 

Furthermore, the quantity of background com- 

55 ponent Q B can be controlled by the DC voltage 
VGo which is applied to the gate electrode 3 in the 
above described first and second embodiments. 
However, as shown in the third embodiment of the 
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present invention shown in figure 5, it may be 
operated such that the voltage VG 0 is varied in a 
step configuration during the signal reading out 
periods, thereby to extract signal charges which 
are stored at the floating diffusion to the reset 
power supply at each step as well as to reset the 
voltage of the floating diffusion portion. In such 
embodiment, the output which is determined by the 
level VGo may be successively obtained, and when 
the capacitance below the CCD final gate electrode 
is sufficiently large, the maximum charge quantity 
can be determined in accordance with the cycle 
time of reading out steps, and the detectable maxi- 
mum charge quantity can be further increased, 
when the cycle time of reading out steps are nu- 
merous. This is effective in a variety of digital 
processings. 

While in the above-illustrated embodiment an 
output circuit of CCD is described, the present 
invention may be applied to any type of integrated 
circuits such as MOS type image sensors which 
require conversion of charges to a voltage. 

While in the above-illustrated embodiment a 
source follower circuit one stage is provided and a 
resistor is employed for the load thereof, there may 
be provided a plurality of stages of source follower 
circuits and the load may comprise a transistor with 
the same effects as described above. 

While in the above-illustrated embodiment a 
charge detection circuit having a MOS type transis- 
tor constituted by producing second conductiveity 
type impurity regions on a first conductivity type 
semiconductor substrate is described, the present 
invention may not be restricted to this structure, 
and it may be replaced by a first conductivity type 
semiconductor layer such as well which is pro- 
duced on a second conductivity type semiconduc- 
tor substrate. 

Furthermore, since the present invention can 
be accomplished by a similar structure as that of 
the prior art device, an alternative usage of the 
prior art method and the present invention method 
can be simply conducted by an alteration of driving 
at the outside, thereby enabling operations at a 
plurality of modes. 

Furthermore, the present invention may not be 
restricted to those having the above-described tim- 
ing relations, and timing relations which enable the 
above-described operation may be employed. 

As is evident from the foregoing description, 
according to the ■ present invention, the charge 
quantity which can be stored at below the gate 
electrode direct before the charge detection circuit 
is made a charge quantity which is to be extracted 
as unrequired charge, and the extra signal charges 
which cannot be stored at below the gate electrode 
when signal charges are transferred to below the 
gate electrode are detected by a charge detection 
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circuit, and a signal which is obtained by extracting 
the background component of a predetermined 
quantity from the signal charges are output to be 
detected. Therefore, the carrier-voltage conversion 
s gain of the charge detection circuit can be in- 
creased and the detectable maximum charge quan- 
tity can be also increased. 



70 Claims 

1. A method of driving a charge detection 
circuit of floating diffusion amplifier type compris- 
ing: 

15 a second conductivity type diffusion region (5,6) 
produced on a first conductivity type semiconduc- 
tor substrate or layer (1); 

a voltage barrier production gate electrode (3) pro- 
vided adjacent to said diffusion region (5,6); 

20 a second gate electrode (2) provided adjacent to 
said voltage barrier production gate electrode (3); 
a MOS transistor for resetting said diffusion region 
(5,6) produced with using said diffusion region (5,6) 
as a source electrode; 

25 a source follower circuit for receiving the voltage of 
said diffusion region (5,6) as an input and an output 
signal; and 

when the entirely of signal charges are transferred 
to the voltage well below said second gate elec- 
30 trode (2), the charges are output to a diffusion 
region portion exceeding over a voltage barrier 
produced at below said voltage barrier production 
gate electrode (3). 

2. A method of driving a charge detection 
35 circuit as defined in claim 1. wherein the voltage 

applied to said voltage barrier production gate elec- 
trode (3) during said signal outputting period is 
varied in a step configuration. 

3. A method of driving a charge detection 
40 circuit as defined in claim 2, wherein the voltage 

applied to said voltage barrier production gate elec- 
trode (3) during said signal outputting period is 
varied in a step configuration and charges output to 
said diffusion region portion at every step is output 
45 through said source follower circuit. 

4. A method of driving a charge detection 
circuit as defined in claim 1, wherein said source 
follower circuit outputting said output signal is con- 
stituted in a multi-stage. 

so 5. A method of driving a charge detection 

circuit of floating diffusion amplifier type, compris- 
ing: 

a second conductivity type diffusion region (5.6) 
produced on a first conductivity type semiconduc- 
55 tor substrate or layer (1); 

a voltage barrier production gate electrode (3) pro- 
vided adjacent to said diffusion region (5,6); 
a second gate electrode (2) provided adjacent to 
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said voltage barrier production gate electrode (3); 
a MOS transistor for resetting said diffusion region 
(5,6) produced with using said diffusion region (5,6) 
as a source electrode; 

a source follower circuit which receives the voltage s 
of said diffusion region (5,6) as an input and out- 
puts a signal corresponding to said input signal; 
and 

when the entire signal charges are transferred to 
the voltage well below the said second gate elec- w 
trode (2), the charges output to the diffusion region 
portion exceeding over a voltage barrier produced 
at below said voltage barrier production gate elec- 
trode (3) being made a first output signals and after 
said first output signal is reset, the charges remain- ;s 
ing below the second gate electrode (2) being 
output to the diffusion region portion as a second 
output signal. 

6. A method of driving a charge detection 
circuit as defined in claim 5, wherein the voltage 20 
applied to said voltage barrier production gate elec- 
trode (3) during said signal outputting period is 
varied in a step configuration. 

7. A method of driving a charge detection 
circuit as defined in claim 6, wherein the voltage 25 
applied to said voltage barrier production gate elec- 
trode (3) during said signal outputting period is 
varied in a step configuration and charges output to 

said diffusion region portion at every step is output 
through said source follower circuit. 30 

8. A method of driving a charge detection 
circuit as defined in claim 5, wherein said source 
follower circuit outputting said output signal is con- 
stituted in a multi-stage. 
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FIG .1. 
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FIG .2. 
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F I G .6. (PRIOR ART ) 




FIG .7. (PRIOR ART ) 
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